Abstract. Head and neck squamous cell carcinomas (HNSCC) represent the sixth largest group among all human malignancies. However, the exact molecular mechanisms inducing the genesis and the progression of metastasis in these tumors are poorly understood. The identification of molecular alterations involved in metastasis of HNSCC might influence the value of clinical diagnostics, impact therapy strategies and finally improve the prognosis of the patients. The purpose of this study was to identify clinically relevant alterations at the transcriptional and translational levels, when comparing metastatic (N+) and non-metastatic (N0) primary HNSCC. Three transcripts HERPUD1, SLPI and RAD51 were selected for further validation based on their association with carcinogenesis and metastasis. Quantitative real-time-PCR was performed to determine the mRNA expression levels. For subsequent confirmation of the results, immunohistochemistry was performed applying a monoclonal anti-SLPI antibody on 121 HNSCC tumor specimens (N0, n=40; N+, n=81). In metastatic primary cancer, SLPI mRNA showed 5.9-fold lower expression in comparison with non-metastatic primary cancer (p=0.0092). Immunohistochemical staining revealed a fold change of -1.79 between the N+ and the N0 group (p=0.0002). The results presented here clearly indicate the repression of SLPI, measurable on both, mRNA and protein levels in metastatic primary HNSCC as compared to non-metastatic HNSCC. Therefore, it can be assumed that SLPI might have a substantial protective effect on the metastasis process of HNSCC.
Introduction
Head and neck malignancies account for approximately 6% of all malignancies, the majority of which resemble head and neck squamous cell carcinomas (HNSCC). The worldwide death incidence for head and neck cancer is estimated to be 350,000 per year (1) . The molecular mechanisms of tumor initiation and progression including metastasis in HNSCC are poorly understood (2) . However, gaining knowledge on the mechanisms influencing tumor progression constitutes the basis to develop innovative treatment strategies improving the patients' course of disease. As with other human malignancies, HNSCC treatment strategies are mainly based on the tumor stage of the patient at first time diagnosis (3) . For the determination of appropriate treatment strategies, it is pivotal to detect local lymph node metastases and thereby determine the nodal status of the neck (N-status) (4) . The primary tumor of the vast majority of patients treated for HNSCC is removed by surgery. Depending on the primary tumor's T-category, its histopathological findings in terms of lymphangiosis carcinomatosa or depth of invasion and the presence of clinically obvious lymph node neck metastases (N+-status) surgical removal of the draining lymph node basin in the lateral neck (neck dissection) is recommended (5) . However, in 20% of the patients that were determined to be positive for lymph node neck metastases by means of ultrasound and/or CT scans, preoperatively, histopathological examination of the tissue specimens derived from the lateral neck were classified to be pN0 (6) . Vice versa, post-operative histopathological examination of neck dissection specimens revealed an estimated 30% of clinically N0 individuals finally showing metastases-positive lymph nodes in the neck (7) . To improve the positive predictive value for metastasis of head and neck cancer, additional different and diverging approaches, apart from the above-mentioned regularly applied detection (8) (9) (10) . Following this procedure, Rickman et al (8) identified a four-gene model (PSMD10, HSD17b12, FLOT2 and kRT17) that predicts the occurrence of metastases with a 77% accuracy investigating a group of 79 HNSCC patients. This prediction is supposed to be independent of clinical criteria (i.e. age, clinical lymph node status, tumor stage, differentiation and anatomical localisation of primary tumor). Furthermore, several genes have been described to be helpful markers to discover premalignant lesions and potentially to present targets for novel pharmacological interventions (11, 12) . However, observations on the transcriptional level often are not directly reflected in the protein level, which might be explained by various posttranscriptional modifications, such as dsRNA cleavage by siRNA (13) , microRNAs (14, 15) or histone modifications (16) that may additionally influence the final protein level.
A genome-wide transcriptome dataset (data not shown, publication in progress) represented the starting point of this analysis identifying functional candidates as surrogate marker for metastasis of HNSCC. In the earlier study, several genes were shown to be differentially expressed when tissue specimens derived from metastatic and non-metastatic primary HNSCC, and they were investigated. Three transcripts out of these 331 differentially expressed genes were chosen for further validation because they previously had been associated to carcinogenesis and especially to metastasis: HERPUD1 (17), RAD51 (18) (19) (20) and SLPI (10) . The SLPI gene on codes for the secretory leukocyte protease inhibitor located at chromosome 20q12, spans a region of 2.65 kb and consists of 4 exons and 3 introns. The SLPI protein is also called anti-leukoprotease. SLPI is a 11.7-kDa nonglycosylated kazal-type serine protease inhibitor of neutrophil elastase, cathepsin G (21), chymotrypsin and trypsin with 107 amino acids. It is produced by different cell types including breast, lung, endometrium, ovary, salivary glands and various host inflammatory and immune cells such as macrophages, neutrophils and b lymphocytes (22) (23) (24) .
According to our previous microarray study results and hypothesizing that an SLPI decrease on the mRNA level in metastasized primary HNSCC might influence the process of metastasis in head and neck cancer, as suggested by others (10), we investigated the relevance of these findings by determining the SLPI mRNA level and the SLPI protein level. We conducted a quantitative real-time polymerase chain reaction (qRT-PCR) on 29 primary tumor specimens and an immunohistochemical analysis with a monoclonal anti-SLPI antibody on a large cohort of 121 metastatic and non-metastatic primary head and neck squamous cell carcinoma tissue specimens.
Material and methods
Tissue samples. Tissue samples were obtained from patients with HNSCC that were treated in the Department of Otorhinolaryngology, Head and Neck Surgery of the Christian Albrechts University of kiel between 2004 and 2009. All samples were retrieved following informed consent approved by the local ethics committee. For RT-PCR analysis 29 tissue samples from patients with oropharyngeal and laryngeal squamous cell carcinoma (T1-T4) were collected (male, n=22; female, n=7). Patients' mean age was 62.4 (± 9.1) years (Table I) . According to the histopathological examination, 12 patients had no neck metastases (N0), 17 patients had neck metastases (N1-N3), and one patient had distant metastases. Additionally, for immunohistochemical staining tissue specimens derived from 121 independent patients with tumors at various anatomical tumor sites (T1-T4) in the head and neck region were analyzed (male, n=103; female, n=18). Patients mean age was 60.9 (± 9.7) years (Table ΙΙ) . Forty patients had no neck metastases (N0), 81 patients had neck metastases (N1-N3) and 6 patients had distant metastases. All samples were primary tumors. No metastatic sites were studied. Primary non-metastatic as well as primary metastatic tumors represented T-stages T1-T4.
RNA extraction and cDNA synthesis. Tissue samples were snap-frozen in liquid nitrogen immediately after sampling from the surgical tissue specimen. Seven µm thick frozen sections were cut in a cryotome (2800 Frigocut, Reichert-Jung, Germany). The sections were stained with hematoxylin and eosin (Merck, Germany), inspected under a microscope and the tumor areas were micro-dissected and stored in RNAlater (Ambion) for further processing. RNA was isolated and purified using the RNeasy mini-kit (Qiagen) and treated with DNase twice, using the Qiagen RNase-Free DNase set. RNA quality control was performed with the Agilent RNA 6000 Nano kit (Agilent Technologies). Total RNA and mRNA quality control criteria were applied in accordance with the Tumor Analysis best Practices Working Group (25) , discarding samples that did not meet these criteria. cDNA was obtained using the High Capacity cDNA RT kit from Quiagen.
qRT-PCR. qRT-PCR was performed with a TaqMan Assay from Appl ie d biosyst em s ( Fost er Cit y, USA). R A D51 (Hs00153418_ m1), SLPI (Hs00268204_m1) and HERPUD1 (Hs00206652_m1) were analyzed. 18S (Hs99999901_s1) served as housekeeper and was used to normalize the results.
Immunohistochemistry. Paraffin-embedded tissue specimens were cut into 5-µm sections, deparaffinized, and rehydrated, followed by heat-induced epitope retrieval. Methanol containing 1% hydrogen peroxide was used to block the endogenous peroxidase for 10 min. Sections were blocked with the corresponding preimmune serum for 15 min and incubated for 1 h with monoclonal primary antibody directed against SLPI (LifeSpan bioSciences, Seattle, WA) followed by incubation with a biotin-conjugated rabbit anti-mouse IgG secondary antibody (Dako, Hamburg, Germany) at room temperature for 30 min. After washing with tris-buffered saline three times, a labelled peroxidase complex system (AbC-Vectorstain, Dako) was used to visualize all immune reactions. Finally, the specimens were counterstained with Mayer's hematoxylin and mounted with Permount (Fisher Scientific, Pittsburgh, PA). Small salivary glands served as internal positive controls. Negative controls were performed by replacing primary antibody with preimmune serum.
Evaluation of the immunohistochemical staining. The slides were reviewed by two of the authors (C.C. and T.G.) who confirmed the diagnosis and tumor grading. To assess SLPI protein levels, 300 cells in at least five areas were analyzed (x400 magnification). A mean percentage of positive tumor cells was determined and cases were assigned to one of the following categories: (-) <5%; (I) 5-30%, (II) 31-75% and (III) >75% (Fig. 1) . Cases with score of (-) were considered negative, cases with scores of (I-III) positive. To consider bias, the immunohistochemical and histopathological findings were additionally reviewed by an experienced pathologist (C.R.).
Statistical analysis. qRT-PCR:
The Mann-Whitney U-test was used to determine differences between expression levels. Immunohistochemistry: means and standard deviations of percent positive cells were calculated per sample type and the Mann-Whitney U-test was used to compare expression between groups. To determine the false positive rate, a Westfall and Young permutation was performed (Westfall & Young 1993, Resampling-based Multiple Testing).
Results

qRT-PCR.
The qRT-PCR for 18S showed good quality RNA and sufficient and comparable amount of RNA from each source for the following specific qRT-PCR. The qRT-PCR with the sequence specific oligonucleotide primers for SLPI, HERPUD1 and RAD51 showed that SLPI expression in metastatic tumor tissue was 5.9-fold lower than in non-metastatic tissue (p=0.0092, false discovery rate 4.9%) (Fig. 2) . The analysis of HERPUD1 (p=0.2634) and RAD51 (p=0.3032) showed no statistical significant results.
Immunohistochemistry. SLPI was localized to the serous parts of the submucosal glands, in the cytoplasm of the epithelial cells of the upper aerodigestive tract and also in part in the cytoplasm of cancer cells. Especially the keratinized epithelial and cancer cells showed stronger SLPI expression. The statistical analysis of the immunohistochemical staining of the 121 HNSCC patients revealed a statistically significant difference between the N+ and N0 group with a p=0.0002. A Westfall & Young Permutation with 50,000 permutations revealed a fold-change of -1.79 and a false discovery rate of 0.14%. The cohort additionally was sub-classified according to the patient's age in decades. Interestingly, patients between 60 and 69 years had a statistically significant lower expression of SLPI compared to younger patients (40-49 p=0.0063, 50-59 p=0.0049) as well as compared to older patients (70-79 p=0.031, 80-89 p=0.028). Stratification for the anatomical tumor site revealed a statistically significant higher SLPI expression in tumors of the hypopharynx when compared to the larynx (p=0.0083). The reason for this phenomenon remains yet unclear. Correlation of the other anatomical tumor sites revealed no statistically significant results. Sex (p=0.5868), grading (G1/G2 p=0.568, G2/G3 p=0.064, G1/G3 p=0.102), T-stage (p>0.05) and irradiation (p>0.05) or relapse of the disease (p=0.2793) had no statistical relevance on the staining result ( Fig. 3 and Table III ).
Discussion
Parameters with predictive value for metastasis in head and neck cancer are of pivotal interest to determine patients that are likely to develop metastases in the course of disease and therefore should be treated in respect to this knowledge. To identify such parameters for HNSCC, we initially examined three genes (HERPUD1, RAD51 and SLPI) extracted out of our preceding microarray data, which have been described previously in association with metastasis and carcinogenesis. For HERPUD1 it has been reported that lower mRNA expression predicts the occurrence of metastases in prostate cancer (17) ; concerning RAD51 it was described that mRNA levels were increased in primary canine mammary adenocarcinomas and their lymph node metastases (19, 20) . Finally, SLPI protein levels were shown to be elevated in tissue specimens derived from ovarian cancers without lymph node metastases in comparison to tissue specimens derived from lymph node metastasis-positive patients (26) . Yet, out of these selected transcripts only the SLPI expression significantly differed when mRNA levels after qRT-PCR were compared in metastatic and non-metastatic HNSCC-derived tissue specimens. Therefore, further analysis was concentrated on this gene.
The SLPI gene is one out of several genes coding for a family of proteins with whey-acidic-protein (WAP) motifs. The WAP motif was first described in whey acidic protein, the main protein in milk of rats and mice. WAP proteins have one or more WAP motifs consisting of about 50 amino acids with eight highly conserved cysteine residues that form four disulphide bridges (27) . Four WAP genes have been identified as candidate molecular markers for various types of cancer (28) (28) . SLPI seems to play an important role as a potent inhibitor of neutrophil elastase protecting the mucosa and skin against proteolysis (22, 29) . Recent data imply an additional role of SLPI when reduced in the tumor cells in terms of setting free receptors for human papillomavirus proteins thus possibly giving rise to HPV infections (unpublished data). HPV DNA is detected in a substantial number of HNSCC (30) and therefore may play a yet to be determined role in the metastasis of this cancer.
In concordance with our preceding results on SLPI, differentially expressed SLPI mRNA levels have also been described for a variety of human cancers (26, 31) . However, until now it remains unclear whether the mRNA expression level of SLPI had any impact on the development and progression of HNSCC especially towards neck metastasis. A Dutch laboratory group (10) demonstrated in a previously performed microarray analysis that, among several other genes, SLPI mRNA was downregulated in metastatic HNSCC compared to non-metastatic HNSCC, thus confirming the data of our previous study. To our knowledge, these results on diverging SLPI mRNA levels in tissue specimens of metastatic and non-metastatic HNSCC have not been observed, either by applying qRT-PCR techniques or by methods investigating the protein level of SLPI in the tumor cells. To assess whether the observations on the transcriptional level lead to similar changes on the protein level, we analysed a cohort of primary HNSCC specimens applying a monoclonal anti-SLPI antibody for immunohistochemistry. In addition to the already demonstrated downregulation of SLPI on the mRNA level, the results presented here also reveal a statistically significant downregulation of the SLPI protein expression in metastatic HNSCC derived tissue specimens. Lower expression of SLPI proteins in metastatic primary cancer has also been demonstrated for other human cancers, such as ovarian cancer (26) . In contrast to our study results showing no correlation between the expression of SLPI and the degree of tumor differentiation, Alkemade et al (32) and Westin et al (33) demonstrated such a correlation in human epidermal tumors, which led to the hypothesis that SLPI protein levels potentially represent a surrogate marker for tumor progression. The role and the mechanisms of action of SLPI in cancer development and metastasis are controversial. Expression of the SLPI gene is significantly increased by progesterone (34) and by the pro-inflammatory cytokines TNF-α and IL1-β (35) . Moreover, SLPI has been shown to be able to influence the invasive activity of cancer cells by inhibiting enzymes which are known to promote cancer invasion and progression (36, 37) and thereby acting as a protective protein against metastasis (26) . Some authors postulated that absence or repression of the SLPI antiprotease function, as we observed in our metastatic tumor specimens, could promote tumor spread by enabling degradation of surrounding tissues by the tumor secreted proteases. Especially the inhibition of neutrophil elastase released by inflammatory cells or produced by tumor cells breaking down the structural proteins of the extracellular matrix surrounding the tumor thus leading to less restricted invasion and/or migration (38) , might play an important role in tumor progression and might possibly explain the results of our study. A further explanation for the observations made in this study might be the fact that SLPI can suppress the production of matrix metalloproteinases, particularly MMP1 and MMP9, which have been extensively documented for their role in tumor invasion and metastasis (39, 40) . Other authors also noted downregulation of the major inhibitors of NFκb, including NFκb inhibitor α in a human cell culture model (41, 42) . Therefore, the comparison and correlation of SLPI to pathways like the NFκb pathway might lead to further understanding of the complex mechanisms leading to metastasis in HNSCC. Interestingly, several authors report on SLPI being overexpressed in human malignancies as pancreatic, papillary thyroid, uterine cervix, endometrial and ovarian cancer when compared to matched normal tissue derived specimens of the same patients (43) (44) (45) (46) (47) (48) . Likewise, SLPI-mRNA and SLPI-protein levels were found to be significantly overexpressed in HNSCC cancer tissue samples when compared to matched normal tissue controls (49) . Therefore, overexpression of SLPI in any kind of tumor tissue is not suitable as a specific surrogate marker for a specific tumor entity. However, the above described data indicate that both regulation types obviously can coexist in human malignancies: higher levels of SLPI in cancer tissues in comparison to normal tissue controls as well as lower levels of SLPI in metastatic tissue in comparison to non-metastatic tissue. The data presented in the current study do not allow the decision of whether the level of SLPI in tumor tissue is up-or downregulated compared to normal mucosa, since no normal mucosa tissue controls of the upper respiratory tract were matched.
In conclusion, to our knowledge, this study demonstrates for the first time the potential relevance of SLPI in tumor progression to metastasis in primary HNSCC tissue. The results presented here clearly indicate the repression of SLPI, measurable on both mRNA and the protein level in metastatic HNSCC. Therefore, it can be assumed that SLPI might have a substantial impact on the metastatic process of HNSCC and may provide a possible therapeutic target for the treatment of metastasis in HNSCC. Ongoing studies focusing on SLPI and its molecular interaction partners, including HPV proteins and their receptors, in HNSCC may lead to further understanding of HNSCC progression mechanisms as well as to new concepts for prognostic and therapeutic approaches.
